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ABSTRACT 

Background: DKA is the leading cause of mortality among pediatric age and young adults with T1D, 
responsible for almost 50% of all fatalities in diabetic patients younger than 24 years of age. Goals of DKA 
management include optimization of volume status, hyperglycemia and ketoacidosis, electrolyte abnormalities, 
and potential precipitating factors. Methodology: we conducted this review using a comprehensive search of 
MEDLINE, PubMed, and EMBASE, January 1987, through February 2017. The following search terms were 
used: ketoacidosis, management of diabetic ketoacidosis, type I diabetic patients’ emergency complication, 
fluid replacement in DKA, insulin therapy approach. Aim: in this review, we aim at evaluating the various ways 
of approaching patients who suffer from type-one diabetes during ketoacidosis and keto-acidotic coma. We will 
try to understand the triggers and pathophysiology behind this condition, and explore ways to prevent them. 
Conclusion: prompt diagnoses, aggressive treatment, and education of patient and their care providers about 
prevention strategies must be implemented. Also, more studies are required in the area of preventing health 
complications due to these types of diseases to effectively manage DKA in the future. 

Keywords: diabetic ketoacidosis approach, insulin therapy in diabetic ketoacidosis, fluid replacement in 
diabetic ketoacidosis. 


INTRODUCTION 2. Hyperglycemia and ketoacidosis. 

Diabetic ketoacidosis (DKA) is a common 3. Electrolyte abnormalities. 
cause of morbidity and mortality in type-1 diabetics; 4. Potential precipitating factors “!. 
though, infrequently it also occurs in type-2 
diabetics. Type 1 diabetes mellitus (T1D) affects The majority of patients with DKA present to the 
children and adults worldwide, with an increasing emergency room. DKA-related ICU and hospital 
incidence between young people. The incidence of deaths have stayed steady for nearly fifteen years 
DKA has risen by 30% through the past decade, and no improvement in mortality was observed "1. 
with greater than 140,000 hospital admissions every In this review, we aimed evaluation of the 
year in the United States alone '™. Patients with the various aspects to approach a patient with type-one 
highest risk comprised those with high hemoglobin diabetes during ketoacidosis and keto-acidotic coma. 
AIC, longer diabetes length, adolescents, and We tried to understand the triggers and 
females. DKA is the chief cause of mortality amid pathophysiology behind such conditions, and learn 
children and young adults with T1D, adding up to how to prevent them. 


nearly 50% of all deaths in a young diabetic patient 
of age less than 24 years "!. Inside United States, the METHODOLOGY 


overall inpatient DKA mortality is only 1%, but an e Data Sources and Search terms 

advanced rate is stated for elderly patients who also We conducted this review using a comprehensive 

have other life-threatening illnesses u search of MEDLINE, PubMed, and EMBASE, 
There were 140,000 hospitalizations for January 1987, through February 2017. The 

DKA with an average length of stay of about 3.4 following search terms were used: ketoacidosis, 

days in the year 2009. The annual cost of DKA management of diabetic ketoacidosis, type I diabetic 

hospitalizations adds up to 2.4 billion US dollars ™. patients’ emergency complication, fluid replacement 

The therapeutic aims of DKA management comprise in DKA, insulin therapy approach 

optimization of: e Data Extraction 


1. Volume status. 
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Two reviewers have independently reviewed the 
studies, abstracted data, and disagreements were 
resolved by consensus. Studies were evaluated for 
quality and a review protocol was followed 
throughout. 

The study was done after approval of ethical board 
of King Abdulaziz University. 

The study was done after approval of ethical 
board of King Abdulaziz university. 


MANAGEMENT OF DKA IN TYPE 1 Diabetes 
Mellitus 

DKA is described by the presence of 
hyperglycemia, ketosis, and metabolic acidosis. This 
happens as a consequence of a relative or absolute 
insulin deficiency and high amount of counter- 
regulatory hormones such as glucagon, 
catecholamines, and cortisol causing hyperglycemia, 
glycosuria, hyperosmolarity, and dehydration of 
variable intensity. Fluid deficits can be up to 10% of 
total body weight '!. Glycosuria starts an osmotic 
diuresis, which causes significant deficits in fluid 
and electrolytes especially sodium, potassium, 
calcium, magnesium, and phosphate. Dehydration 
and hyperglycemia leads to hypertonicity resulting 
in an efflux of water from the inside the cell to the 
extracellular space "! It is accompanied by a 
potassium efflux from the inside of the cell. 
Additionally, DKA is a hypercoagulable state so it 
possibly leads to fatal complications such as stroke, 
disseminated intravascular coagulation, myocardial 
infarction. There is also an accumulation of B- 
hydroxybutyrate and acetoacetate, which results in a 
high anion gap metabolic acidosis. The typical 
symptoms of uncontrolled diabetes that causes 
development of DKA are polyuria, polydipsia, 
polyphagia, weight loss, fatigue, vomiting, and 
abdominal pain ®. 


Precipitating Causes 

DKA is reported to be the first presentation 
of diabetes in about 15% to 20% of adults and in 
roughly 30% to 40% of children with 
T1D. Infection is the most probable cause of DKA 
worldwide. Poor adherence to insulin treatment, 
however, is the biggest precipitating factor of DKA 
in young patients with T1D in the United States 
81 A recent report from a hospital in Atlanta says 
that insulin discontinuation was responsible for 56% 
of patients’ presentation of DKA, while in 78% of 
patients it was accountable for multiple DKA 
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episodes. Other triggers of DKA included infectious 
causes which are 14, and noninfectious illnesses 
which make 4%. Non-infectious causes include 
acute myocardial infarction, alcohol use, 
neurovascular accidents, and pancreatitis ”!. Other 
non-infectious causes are psychological which 
include depression and eating disorders. These have 
been noted in up to 20% of recurrent episodes of 
DKA, especially in young patients. Insulin pump 
malfunction can cause. However, in the newer 
improved technology of pump, this is not a common 
event. Medications can also be a cause of DKA, for 
example, those that alter carbohydrate metabolism, 
including glucocorticoids, beta-blockers, thiazide 
diuretics, atypical antipsychotics "!, and certain 
chemotherapeutic agents. Adding to the list of drugs 
is the sodium glucose co-transporter 2 inhibitors, 
which are a new class of oral anti-diabetic agents, 
have been associated with DKA in patients with 
both type I and type II diabetes ""!, 


Pathophysiology 
The pathophysiologic mechanisms for DKA 
development include two main mechanisms: 


substantial insulin deficiency, and increased amount 
of counter-regulatory. This leads to increased 
hepatic glucose production by increased hepatic 
gluconeogenesis and glycogenolysis. There is 
additionally reduced glucose utilization by the 
peripheral tissues, especially in muscle. Low insulin 
causes activation of hormone-sensitive lipase and 
increases breakdown of triglycerides into free fatty 
acids. In the liver, the free fatty acids are oxidized to 
ketone bodies which are stimulated by glucagon "”. 
The imbalance of insulin and glucagon leads to an 
increased glucagon/insulin ratio which lowers the 
activity of malonyl coenzyme A. Malonyl coenzyme 
A modulates movement of free fatty acid inside the 
hepatic mitochondria and fatty acid oxidation 
occurs. There is increased production of ketone 
bodies. They are mainly acetoacetate and f- 
hydroxybutyrate which are two strong acids. This 
leads to reduction of bicarbonate and causes 
metabolic acidosis "!, 

Many experiments and clinical studies 
showed that the development of hyperglycemia and 
ketoacidosis leads to an inflammatory state. It is 
marked by an increase of pro-inflammatory 
cytokines and oxidative stress markers. Severe 
hyperglycemia-induced macrophages produce pro- 
inflammatory cytokines like tumor necrosis factor- 


Basam Sindi et al. 


alpha, IL-6, IL-1B, and C-reactive protein. They 
further cause more insulin secretion impairment and 
additionally reduce the insulin sensitivity '*!, Free 
fatty acid also increases resistance to insulin and 
causes endothelial dysfunction because of decreased 
nitric oxide production. The entire inflammatory 
response, oxidative stress and production of reactive 
oxygen species cause capillary perturbation and 
damage membranes, proteins, and DNA !*!. 


Diagnosis 

Signs and Symptoms: Patients presenting with DKA 
have a brief clinical course marked by fatigue and 
polyuria, polydipsia, and weight loss, which are the 
classical symptoms of hyperglycemia. 
Gastrointestinal complaints are often present such as 
diffuse abdominal pain (46%), and nausea and 
vomiting (66%) ""!. Lethargy and stupor (31%) can 
be present, however less than 25% lose 
consciousness. On physical examination, the most 
common signs are the signs of dehydration, such as 
dry mucous membranes with poor skin turgor, and 
sometimes, tachycardia, or hypotension. Patients in 
DKA can have Kussmaul respirations and a fruity 
breath odor "^. 


Laboratory Investigations 

The American Diabetes Association classifies 
DKA by severity as mild, moderate, or severe which 
is based on the grade of acidosis as well as decrease 
in bicarbonate amount, and changed 
sensorium. Most DKA patients present with mild to 
moderate severity (blood glucose greater than 
250 mg/dL, bicarbonate 10 -18 mEq/L, arterial pH > 
7.3, ketones bodies in the blood or urine, and 
increased anion gap >12 "7. 
While the bulk of patients present with plasma 
glucose levels of > 250 mg/dL, few patients show 
only mild elevations in plasma glucose levels and so 
that is called ‘euglycemic DKA’. This phenomenon 
has been noted in pregnant patients, in prolonged 
starvation, patients with high alcohol intake, and 
those who have recently been started on SGLT-2 
inhibitor use "*!, 

The key in diagnosis is an elevation in 
circulating total blood ketone along with high anion 
gap metabolic acidosis >12. Ketonemia assessment 
is done by the nitroprusside reaction in urine or 
serum. It shows a semiquantitative estimate of 
ketone levels "”. The nitroprusside test has a high 
sensitivity, but it cannot detect severity of 
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ketoacidosis because it fails to recognize the 
presence of B-hydroxybutyrate, which is the most 
important metabolic product of 
ketoacidosis. Keeping that in mind, it is preferred to 
do a direct measurement of serum B- 
hydroxybutyrate for diagnosis ?". 


Management of DKA 
DKA management includes 
-fluid and electrolyte correction, 
-insulin therapy, 
-treatment of any underlying causes, and 
-monitoring of possible complications 

Treatment objectives include correcting 
dehydration, reducing hyperglycemia, normalizing 
hyperosmolality, correcting electrolyte imbalance, 
and identifying and treating the precipitating event. 
The typical time to resolution is 10 -18 hours for 
DKA. During the treatment, lab measurements of 
glucose, electrolytes, venous pH, anion gap, and 
bicarbonate must be repeated every 2 to 4 hours "”. 


[4]. 


Hydration 
Intravenous (IV) fluids are the most 
important aspect while treating hyperglycemic 


emergencies. Treatment with IV fluids alone can 
expand the intravascular volume, restoring renal 
perfusion, and can decrease insulin resistance by 
lowering circulating counter-regulatory hormone 
levels. Isotonic saline (0.9% NaCl) is the ideal 
solution which is set at rate of 500 - 1000 mL/h in 
the first 2 - 4 hours "!, 

The logic behind intensive hydration in 
DKA is to avoid hypoperfusion, correct the 
hyperglycemia, and improve insulin therapy 
responses. A study comparing 2 IV fluid regimens 
with sodium chloride and ringer lactate showed no 
significant difference in time to resolve DKA; 
however the ringer lactate took considerably longer 
time to correct hyperglycemia. Following IV 
volume repletion, the rate of infusion of isotonic 
saline must be decreased to 250 mL/h, or isotonic 
saline can be replaced with 0.45% saline based on 
the serum sodium concentration and state of 
hydration. After the plasma glucose level has 
reached around 200 mg/dL, the IV fluids should 
hold 5% to 10% of dextrose to permit insulin 
administration until ketonemia is improved. This 
also avoids hypoglycemia. Rapid hydration, 
however, has a potential risk of cerebral edema, 
which is seen rarely in pediatric population 7". 
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Potassium Correction 

Initially, patients with DKA can have mild 
to moderate hyperkaliemia, although there is a total 
body deficit of potassium. The deficiency of insulin 
and metabolic acidosis lead to efflux of potassium. 
Therefore, serum potassium levels may appear to be 
normal or increased, but the patients have a low 
overall potassium level in the body. Insulin therapy 
promotes the movement of potassium back into the 
intracellular compartment thus lowering the serum 
potassium level ™! Accordingly, potassium 
replacement should be started once the concentration 
in blood is < 5.2 mEq/L in order to maintain a vital 
level of 4 - 5 mEq/L. It is advisable advices to 
administer 20 - 30 mEq of potassium per liter of 
fluids. This amount is sufficient for most patients, 
except in case of patient with chronic renal failure 
where lower doses are required for patients P”. For 
patients with serum potassium levels of < 3.3 
mEq/L, insulin administration may cause severe 
hypokalemia resulting in muscle weakness and 
increased risk of cardiac arrhythmias. Potassium 
replacement should be given at a rate of 10 - 20 
mEq/h and insulin therapy must be delayed in such 
patients until the potassium level reaches to > 3.3 
mEq/L). 


Bicarbonate Therapy 

Role of bicarbonate is controversial. Few 
say that correcting ketosis with insulin is satisfactory 
for acidosis. Others suggest that bicarbonate therapy 
is warranted given the complications of severe 
metabolic acidosis. Routine administration of 
bicarbonate did not prove to improve clinical 
outcomes, in terms of time to resolution, hospital 
stay, or even mortality. Normally it is only 
recommended in patients with very severe acidosis 
with a pH< 6.9 "!. Bicarbonate can potentially 
increase the risk of deadly complications as 
hypokalemia and cerebral edema. Therefore in life- 
threatening cases, clinical guidelines endorse the 
administration of 50 - 100mmol of sodium 
bicarbonate in an isotonic solution until pH becomes 
> 6.9. In milder cases, bicarbonate therapy is not 
indicated *!, 


Insulin Therapy 

Administration of insulin is the backbone of 
DKA management as it lowers the serum glucose by 
various mechanisms, such as, inhibiting glucose 
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production endogenously, and by increasing 
peripheral use. Insulin further inhibits lipolysis, 
production of ketone bodies, and glucagon secretion, 
in this manner lessening the production of 
ketoacidosis ?*1. 

Regular insulin in continuous IV infusion is the 
treatment of choice. Most of the protocols advice 
administering of 0.1 U/kg of body weight bolus first, 
and then followed by continuous IV insulin infusion 
at 0.1 U/kg/hour until blood glucose reaches 
200 mg/dL. After that the dose is decreased by one- 
half (0.05 U/kg/hour) while rate is set between 0.02 - 
0.05 U/kg/hour and 5% dextrose is added, to 
maintain glucose concentrations between 140 - 
200 mg/dL. The therapy is stopped with resolution 
of ketoacidosis 7% 77! 

Studies have shown that the giving doses of 
rapid insulin analogs (Lispro and Aspart) 
subcutaneous every couple of hours can act as an 
effective alternative to the regular insulin in IV 
infusion with respect to time to DKA resolution. In 
this method, patients are given an initial bolus of 0.2 
-0.3 U/kg and then 0.1 - 0.2 U/kg every 1 to 2 hours, 
until glucose gets below 250 mg/dL. After that, 
insulin is reduced by a half to 0.05 U/kg hourly, or 
0.01 U/kg every 2hours until the DKA 
resolution. This procedure of administrating insulin 
promises a safe yet effective treatment in the 
nergendy department without needing ICU care 


Rapid- acting insulin given as intramuscular 
injections is also effective in the treating DKA. This 
route, however, it is more painful than the other 
routes of administration, and might increase 
bleeding risk of patients on anticoagulation therapy. 
At the same time, rapid-acting subcutaneous insulin 
analogues are not advised for DKA patients with 
arterial hypotension, severe DKA, or with 
hyperosmolar hyperglycemic state 7"! 


Phosphate and Magnesium 

Like potassium, phosphate levels may seem 
to be normal or elevated at presentation, but with 
treatment, it declines because phosphate goes in the 
intracellular space. Studies do not show a benefit 
from phosphate replacement therapy ”*!. On the 
contrary, it can be linked to hypocalcemia and 
hypomagnesemia. However, phosphate deficiency is 
associated with fatigue of muscle, rhabdomyolysis, 
respiratory failure, hemolysis, and arrhythmia. 
Therefore, if phosphate level is < 1.0 mg/dL, or 
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when these complications occur, its replacement is 
recommended. The therapy is given as 20 - 30 mEq 
of potassium phosphate to the IV fluid 7! 

DKA further causes magnesium drop, which 
can ends in paresthesia, spasm, seizures, tremor, and 
cardiac arrhythmia. It is replaced if below 1.2 
mg/dL, or if symptomatic *!. 


Resolution 

DKA resolution is defined when glucose 
levels are below 250mg/dL, the anion gap 
normalizes, venous pH rises above 7.3, and serum 
bicarbonate is equal to or above 18 mEq/L. Abrupt 
cessation of the insulin may result is rebound 
hyperglycemia, ketogenesis, and metabolic acidosis 
because of short half-life. Subcutaneous basal 
insulin is given 2 hours before terminating the IV 
insulin administration. If basal insulin analogues are 
being used, then they must be administered 3 to 
4 hours before discontinuing insulin drip as their 
onset of action is more delayed than NPH insulin °". 

For patients who have never taken insulin 
before, total daily insulin 0.5 - 0.6 U/kg can be 
given. Patients who have poor oral intake must get 
basal insulin alone or, otherwise, may be kept on an 
insulin drip until they can eat. Patients with known 
T1D should be restarted on their former regimens. 
The regimen might need adjustment if there is a 
history of frequent hypoglycemia, hyperglycemia, or 
increased HbAIc. Multi-dose insulin schedules with 
basal insulin along with rapid-acting insulin 
analogues are the favored insulin plan T1D patients 
with DKA P", 


Complications of DKA 

The most common complication during 
treatment is hypoglycemia as reported in 5% - 25% 
of DKA patients. Risk factors of hypoglycemia are 
lack of regular monitoring, failing to reduce rate of 
insulin infusion, and the use of dextrose solutions 
when blood glucose drops below 200 mg/dL. 
Unfortunately, many patients suffering from 
hypoglycemia do not reveal manifestations of 
sweating, nervousness, fatigue, tachycardia, hunger 
BA This is why monitoring blood glucose 
frequently, every 1 to 2 hours, is required. Acute 
negative results of hypoglycemia comprise of 
seizures, arrhythmias, and altered consciousness. 
The second most common complication is 
hypokalemia during DKA management. As 
explained above, during admission serum potassium 
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level is usually elevated. However, when insulin is 
administered, the serum concentration of potassium 
will invariably go down due to increased 
intracellular potassium uptake by the peripheral 
tissues In order to prevent hypokalemia, 
potassium must be replaced with IV when its 
concentration falls below 5.2 mEq/L. If the patients’ 
serum potassium level is less than 3.3 mEq/L, 
insulin must be held and IV potassium replacement 
should be given immediately, until serum potassium 
rises. 

Cerebral edema is reported in nearly 1% of 
pediatric DKA with a high mortality rate of 20% to 
40%, while it is rare in adults. Its pathogenesis is not 
completely understood. Disruption of the blood- 
brain-barrier was found in autopsy of fatal cases of 
edema “There is proportionality between the 
degree of dehydration and the degree of edema, but 
it has no relation with osmolality, osmotic changes 
at the time of treatment, or rate of administration of 
fluid or insulin. Cerebral edema frequently occurs 4 
to 12 hours after treatment was initiated, but may 
also happen up to 24 to 48 hours after the initiation 
of treatment. Suggested management includes 
mannitol 0.5 to 1g/kg IV over 20 minute 
administration, and it is repeat if there is no response 
for 30 minutes. Alternative to mannitol, hypertonic 
saline (3%), to 10 mL/can be given for 30 minutes, 
especially if patient is refractory to mannitol 
therapy. A cranial CT scan must be obtained in order 
to rule out other possible causes of neurologic 


deficits, such as thrombosis and infarction, 
hemorrhage "P", 

Acute renal failure and shock can also be a possible 
complication of DKA. Other uncommon 
complications include 
rhabdomyolysis, pneumomediastinum, prolonged 
corrected QT interval, pulmonary edema, 


thrombosis, stroke,and memory loss with low 
cognitive function in children "71. 


Prevention of DKA 

Medication noncompliance is a foremost 
reason of DKA among both newly diagnosed and 
recurrent episodes of DKA. Sadly, in 50% of such 
DKA attacks, patients mentioned an inability to have 
the funds for buying medication or to pay for 
transportation resulting in discontinuation of 
medication. This requires assistance programs to 
deliver insulin to patients and decrease lapses in 
treatment in a cost-effective method to lessen the 
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amount of hospitalization for such emergencies "°. 


Multidisciplinary approaches with help of medical 
diabetes educators who are easily accessible to the 
patients has shown to diminish the figure of 
hospitalizations. Systems-based methods to decrease 
preventable etiologies of DKA may signify a central 
next step in lowering costs and refining patient care 

Physicians should inform and teach patients 
and their caregivers about recognition of early 
symptoms. Patients and caregivers must be 
acquainted with altering insulin through times of 
sickness. Handy home measurement of urine/ blood 
ketones with glucometer might permit for earlier 
detection of DKA and improve outcomes. Patients 
who are on insulin pump must learn their pump 
settings, and always have a prescription for basal 
insulin if the pump ever fails to work P”. 


Euglycemic Diabetic Ketoacidosis 

There is a sub-classification in which the 
serum glucose levels are within the normal limits. 
This condition is known as euglycemic DKA 
(EDKA). EDKA is defined as a condition with high 
anion gap metabolic acidosis, presence of serum and 
urine ketones, and a serum glucose level of 
<250mg/dL "*!, The primary mechanism of EDKA 
is reduced hepatic production of glucose during 
fasting state, or increased urinary excretion of 
glucose because of counter-regulatory hormones. 
When a diabetic patient is open to any eliciting 
factor for DKA, but is also fasting or starving, or is 
on the insulin treatment, the liver will enter a state of 
glycogen depletion, and only producing a lesser 
amount of glucose. While on the other side, lipolysis 
and fatty acid production takes place, leading to 
disproportionate ketone body production. Common 
causes of EDKA reported in studies are low intake 
of calorie, fasting, vomiting, diarrhea, pregnancy, 
cocaine intoxication, insulin pump use, and use of 
SGLT2 inhibitors P”, 

Dehydration typically stimulates the 
development of hyperglycemia. Dehydration 
performs as a stimulus for added glucagon secretion 
causing lipolysis and ketone production, along with 
decreased glucose production, thus resulting in 
EDKA. In the course of insulin deficiency, 
dehydration likewise increases the secretion of 
counter-regulatory hormones, which additionally 
exacerbates EDKA "!. 


Diagnosis of EDKA is problematic as it is a 
diagnosis of exclusion. Other forms of ketoacidosis 
and increased anion gap metabolic acidosis must to 
be ruled out. After being diagnosed, management of 
EDKA is nearly parallel to the management of 
DKA. The backbone of management includes rapid 
correction of dehydration using IV fluids “"!, The 
second step in the managing is insulin drip along 
with a dextrose solution until the anion gap, and 
bicarbonate levels stabilize. Routine testing of urine 
for ketones as well as arterial blood gas analysis to 
evaluate anion gap are necessary till the values 
stabilize. If diagnosed promptly and managed 
aggressively with fluids and insulin, EDKA can be 
reversed easily, thus decreasing morbidity and 
mortality 7). 


CONCLUSION 

As we have noted above in the studies that 
DKA is the leading cause of mortality among 
pediatric age and young adults with TID, 
responsible for almost 50% of all fatalities in 
diabetic patients younger than 24 years of age, 
prompt diagnoses, aggressive treatment, and 
teaching of patient and their care providers about 
prevention strategies must be implemented. Also, 
more studies in the area of preventing complications 
of treatment must be done to effectively manage 
DKA in future. 
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